Introduction
Patients with locally advanced breast cancer, which is defined as stage III disease, had a higher risk for locoregional recurrence (LRR). Approximately 30% of patients with high-risk breast cancer develop LRR after mastectomy, but the administration of postmastectomy radiotherapy (PMRT) may reduce LRR and improve survival outcomes. [1] [2] [3] In these high-risk patients, the interval between PMRT administration and mastectomy may affect LRR and survival outcomes. However, the optimal time between surgery and PMRT remains unclear.
There are conflicting results regarding the optimal interval between surgery and radiotherapy. However, it has been reported that an interval >6-12 weeks in patients not receiving chemotherapy, and an interval >6-7 months in patients receiving adjuvant chemotherapy after surgery, may lead to a higher risk of recurrence.
Several retrospective studies have yielded variable findings in women receiving breast-conserving surgery. 5, [10] [11] [12] [13] [14] Adjuvant chemotherapy and radiotherapy is the standard treatment for high-risk breast cancer after mastectomy. 15 In this study, we retrospectively assessed the long-term survival effect of the surgery-PMRT interval in women with locally advanced breast cancer treated with mastectomy and adjuvant chemotherapy.
Materials and methods Patients
We retrospectively analyzed the medical data of patients with breast cancer who underwent mastectomy between 1999 and 2009 at the Sun Yat-Sen University Cancer Center, Guangzhou, China. Patients were eligible for inclusion in this study if:
• in accordance with the current tumor (T) node (N) metastasis (M) staging system, they had stage III breast cancer; • they underwent mastectomy, and at least 4 cycles adjuvant chemotherapy followed by PMRT; • PMRT was administrated to the chest wall and supraclavicular lymph nodes to a prescription dose of 50 Gy in 25 fractions; and • they had complete clinicopathologic and follow-up data.
All patients gave their written informed consent to use of their medical records, and the clinical ethics committee of the Sun Yat-sen University Cancer Center approved this study.
Clinicopathologic factors
The following clinicopathologic factors were included: age; menopausal status; tumor stage; hormone receptor (HoR) status; and human epidermal growth factor receptor-2 (HER2) status. The expressions of estrogen receptor (ER), progesterone receptor (PR), and HER2 were assessed in accordance with our previous study. 16 ER and PR positivity were defined as immunohistochemistry findings of >1% positive cells. HER2 positivity was defined as an immunohistochemistry score of 3+ or 2+ with confirmation by fluorescence in situ hybridization. The breast cancer subtypes (BCS) were classified as four subtypes according to HoR and HER2 status: HoR+/HER2−, HoR+/HER2+, HoR−/HER2+, and HoR−/HER2− subtypes. Based on the interval between mastectomy and radiotherapy, the patients were classified into three groups: Group 1 (≤4 vs >4 months), Group 2 (≤5 vs >5 months), and Group 3 (≤6 vs >6 months). The primary endpoints of this study were locoregional recurrence-free survival (LRFS), distant metastasis-free survival (DMFS), disease-free survival (DFS), and overall survival (OS). LRR was defined as pathologically confirmed recurrence including ipsilateral chest wall, axillary lymph nodes, supraclavicular and subclavian lymph nodes, or internal mammary lymph nodes. Distant metastasis was defined as tumor recurrence at a site distal to the primary cancer. DFS referred to absence of LRR or distant metastasis. OS was defined as the time from initial diagnosis to the date of death or last follow-up.
Statistical analysis
The c 2 -test or Fisher's exact test was performed to compare differences between the three interval groups. The survival curves were estimated using the Kaplan-Meier method and compared using the log-rank test. Univariate and multivariate Cox regression analyses were performed to investigate the risk factors for survival outcomes. In the univariate analysis, the survival differences were investigated according to age, menopausal status, tumor stage, BCS, and timing of PMRT administration. Multivariate Cox regression analyses were then performed to identify the independent predictors from those statistically significant in the univariate analysis. Statistical analyses were performed using SPSS (version 21.0; IBM Corporation, Armonk, NY, USA). A P value <0.05 was considered statistically significant.
Results
A total of 340 patients were included in this study. The characteristics of the patients are presented in Table 1 . Their median age was 45 years (range, 24-74 years), and 65.3% were premenopausal. There were 168 (49.4%), 14 (4.1%), and 158 (46.5%) patients with IIIA, IIIB, and IIIC stage disease, respectively. There were 52.1%, 21.2%, 14.1%, and 12.6% of patients with HoR+/HER2−, HoR+/HER2+, HoR−/HER2+, and HoR−/HER2− subtypes, respectively.
All patients underwent mastectomy, axillary lymph node dissection, adjuvant chemotherapy, and PMRT. Most of the patients (98.2%) received anthracycline-and-taxane-based chemotherapy, and the median of chemotherapy courses was 6 (range, [4] [5] [6] [7] [8] [9] [10] [11] [12] . Patients with HoR-positive disease received endocrine therapy, and only two patients with HER2-positive disease were treated with trastuzumab-containing regimens. All patients received PMRT to the chest wall and supraclavicular lymph nodes. The internal mammary lymph nodes were not routinely irradiated.
The median surgery-PMRT interval was 5 months (range, 3-15 months). Patient characteristics by surgery-PMRT interval are listed in Table 1 . In Group 1 (n = 78 in ≤4 months, n = 262 in >4 months), there were no significant differences 
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Mastectomy-radiotherapy interval and survival in patient characteristics between the two cohorts. In Group 2 (n = 204 in ≤5 months, n = 136 in >5 months), patients with a surgery-PMRT interval >5 months were more likely to be aged ≥50 years and receive >6 cycles of chemotherapy. In addition, in Group 3 (n = 285 in ≤6 months, n = 55 in >6 months), patients with a surgery-PMRT interval >6 months were more likely to receive >6 cycles of chemotherapy.
The median follow-up time was 79.8 months (range, 5-166 months). A total of 36 patients developed LRR, and the 10-year LRFS was 86.3%. The details on event distribution of LRR and distant metastasis are listed in Table 2 . The 10-year DMFS, DFS, and OS were 60.6%, 51.5%, and 61.1%, respectively. Table 3 shows the univariate analyses of survival outcomes. The surgery-PMRT interval including Group 1, Group 2, and Group 3 was not significantly associated with LRFS, DMFS, DFS, or OS. In addition, in the subgroup analysis of the effect of surgery-PMRT interval on survival outcomes according to various clinicopathologic factors, the surgery-PMRT interval was also not associated with survival outcomes in different age groups, tumor stage, and BCS. The survival curves in Group 1, Group 2, and Group 3 are shown in Figures 1-3 , respectively. The BCS was the independent significant predictor for LRFS, menopausal status, tumor stage, and BCS were the independent significant predictors for DMFS and DFS, while age, tumor stage, and BCS were the independent significant predictors for OS.
Discussion
In this study, we assessed the long-term survival effect of the interval between surgery and PMRT in women with locally advanced breast cancer. Our results showed that the delay in the start of PMRT in locally advanced breast cancer is not related to an increased risk of LRR, distant recurrence, or death.
Reportedly, ~50% of patients experience delayed postoperative radiotherapy. 17 For ethical reasons, it is impossible to conduct a randomized controlled trial to assess the effect of the surgery-radiotherapy interval on survival outcomes in patients with breast cancer. Hence, the optimal surgeryradiotherapy interval remains unclear. Theoretically, the risk of LRR or distant recurrence is related to the residual tumor burden in the surgical bed. Therefore, a long interval before PMRT after breast surgery may increase the likelihood of 
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Zhang et al residual tumor growth and the development of radioresistance, consequently leading to a poorer outcome. 18, 19 Controversy continues to surround the surgery-radiotherapy interval in patients with breast cancer who receive breast-conserving surgery. In the International Breast Cancer Study Group trials, the timing of radiotherapy after breastconserving surgery was not significantly associated with the LRFS, DFS, and OS of patients who received initial chemotherapy or endocrine therapy. 10, 11 Two populationbased cohort studies also found that starting radiotherapy shortly after breast-conserving surgery did not improve the long-term survival outcomes of patients with or without chemotherapy. 13, 14 However, a meta-analysis indicated that delayed radiotherapy after breast-conserving surgery was associated with a significantly higher risk of LRR. 12 In addition, a population-based study of the Surveillance Epidemiology and End Results Program that included 18,050 women with stage 0-II disease after breast-conserving surgery and radiotherapy (but not chemotherapy) showed that an interval >6 weeks was associated with an increased likelihood 
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Mastectomy-radiotherapy interval and survival of LRR. 5 These results suggest that radiotherapy should be initiated as soon as possible after breast-conserving surgery in patients not receiving chemotherapy.
Approximately 30% of locally advanced breast cancer may develop LRR after mastectomy, but the administration of PMRT may reduce LRR and decrease the incidence of systemic relapse. [1] [2] [3] The optimal interval between mastectomy and PMRT in patients with locally advanced disease remains unclear. However, several retrospective studies have shown that the interval between mastectomy and PMRT in patients with locally advanced breast cancer is not associated with survival outcomes. Kim et al 20 after examining 275 patients with stage I-IIIB disease treated with chemotherapy and PMRT found that delaying the start of PMRT (≤2 vs >2 months and ≤6 vs >6 months) did not affect LRR or survival outcomes. Metz et al 21 assessed 221 patients with locally advanced breast cancer who received mastectomy and showed that delayed PMRT did not adversely affect LRR at 8 years. The rates of LRR at 8 years were 13%, 4%, and 12% in patients with surgery-PMRT intervals of ≤2, 2.1-6, and >6 months, respectively (P = 0.51). 21 Desai et al 22 examined 248 patients and demonstrated no significant effect of the surgery-PMRT interval on LRR in patients who underwent neoadjuvant chemotherapy and mastectomy. 
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The participants of this study were classified based on the interval between surgery and the initiation of PMRT. Our findings indicated that the survival benefit of PMRT is maintained up to 6 months. Our findings were similar to those of the aforementioned studies. [20] [21] [22] That is, the survival outcomes and patterns of treatment failure did not differ according to the interval between mastectomy and PMRT. The German Society for Radiooncology recommends that PMRT should be started 4-6 weeks after surgery or completion of the primary or adjuvant chemotherapy. 23 Although the optimal interval between mastectomy and PMRT cannot be determined from the available evidence, patient anxiety is related to the waiting time for PMRT; thus, we propose that patients start PMRT as soon as possible after mastectomy. Delayed administration of PMRT can result from various social and patient factors, including a lack of adequate equipment and personnel, treatment at cancer centers, a desire for breast reconstruction, and the problem of wound healing, which lead to long waiting lists. 24 Although timely access to PMRT remains a priority for all centers, the clinical efficacy of PMRT is maintained even when the start of PMRT 
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Mastectomy-radiotherapy interval and survival is delayed. PMRT should still be administered to patients who have experienced a delay but have not developed LRR. 22 The primary limitation of our study is its retrospective nature from a single institution; however, the effect of the surgery-radiotherapy interval on survival is a subject ethically inappropriate for randomized studies. Therefore, retrospective studies are a reasonable choice to confirm the impact of the surgery-radiotherapy interval on breast cancer recurrence. In addition, this study was limited by its small sample size and limited follow-up time. Moreover, most of the patients with HER2-positive disease did not receive trastuzumab-based treatment, which was the standard of care in the modern series; therefore, the results of this study are less applicable to the general population of breast cancer patients.
Conclusion
In conclusion, our results suggest that the delay in the start of PMRT in locally advanced breast cancer does not increase the likelihood of LRR, distant metastasis, and death. 
Disclosure
The authors report no conflicts of interest in this work.
